Twenty isolates of Aspergillus species were collected from five different substrate sources and different ecosystems in Jeddah, Saudi Arabia which included agricultural soil, Wheat grain, Sewage dump, soil around car oil dump and Marine fauna. The isolates were cultivated on two different media (Czapek Dox and Waksman) for protein banding patterns determination. The total fungal proteins were analyzed using discontinuous sodium dodecyl sulfate polyacrylamide gel electrophoresis method (SDS-PAGE). The relationships among the studied isolates of Aspergillus species expressed by similarity coefficient have been demonstrated as phonogram, based on the analysis of the recorded attributes using NTSYS-pc version 2.02i. The study revealed that a wide variation in the protein patterns was observed between isolates grown on Czapek Dox's medium and those grown on Waksman's medium. Also, there is a remarkable correlation between sources of isolates and protein profiles of the studied isolates.
INTRODUCTION
The genus Aspergillus has a great impact in various fields of research and many species are important as human and animal pathogens, spoilage agents of food, producers of toxic metabolites or on the other hand, as useful microorganisms in food fermentation and biotechnological applications (Raper and Fennell, 1965; Samson et al., 2004; Varga and Samson, 2008) .
Aspergillus species are common group of filamentous fungi, which have universal dissemination and are readily recovered from soil; decaying vegetation, air and many other habitats, their conidia turns into aerosol and are largely distributed in the environment and are inhaled by humans and animals. Although the genus with more than 260 species has been studied for several centuries, their systematics is still in a state of flux. In addition, the current nomenclature of Aspergillus together with a protocol for naming a new species was argued (Samson *Corresponding author. E-mail: n_a_alhazmi@hotmail.com. and Varga, 2009) . Some taxa of this genus viz. Aspergillus fumigatus, A. flavus and A. niger can operate as an opportunistic aggressor and cause a group of diseases known as Aspergillosis, especially in individuals with weaken immune systems (Leila et al., 2010) .
Aspergillus is the name used for a genus of moulds that reproduce only by asexual means. The morphology of the conidiophores; the structure that bears asexual spores, is the most important taxonomic character used in Aspergillus taxonomy. So, the defining characteristic of the genus Aspergillus is the aspergillum-like sporebearing structure. It is the most important microscopic character used in Aspergillus taxonomy (Bennett, 2010) .
Key characters for morphological identification of Aspergillus species are the color of the colony, the growth rate and thermo tolerance. Aspergilli have varying morphological and growth response to different nutrients so it is important to standardize conditions. Species identification depends upon pure cultures grown on known media (Raper and Fennell, 1965) .
Fungal identification and taxonomy is a dynamic progressive discipline that consequently may require certain changes in the nomenclature, the classification or both. Such changes are extremely annoying or deviating for non taxonomists and may lead to some interruption in the accumulation of knowledge among this group of living organisms such as fungi. Thus, one major goal should be how to elucidate more reliable methods in classification of fungi so as to produce more stable classification systems that require fewer changes either in fungal nomenclature or classification (Redecker and Raab, 2006; Taylor, 2011) . Molecular markers have been developed to solve this problem. These markers are independent of environmental conditions and show higher levels of polymorphism. Several methods such as SDS-protein, isozymes and RAPD-PCR banding pattern variations have been used in fingerprinting and analysis of the genetic relationships of many different species. The study of closely related taxonomical units for a range of characters from SDSprotein, isozymes to RAPD profiles not only shade light on fingerprint of the genotypes under study, but also teaches us about the relationships of these units (Oda et al., 2006; Te Biesebeke et al., 2006; Rodrigues et al., 2007; Saeednejad et al., 2010) .
The effect of environmental factors that may influence the ability of the toxigenic fungi to produce toxins has been previously reported by Al-Hazmi (2010) who reported that, Aspergillus isolates of the same species grown on wheat grain express higher toxicity than those of other substrates and ecosystems. Therefore, the aim of this study was mainly to answer the question, is there a difference on the molecular level between theses isolates due to their substrate and ecosystem origin as they did in their biochemical profiles.
MATERIALS AND METHODS
To approach the aim of this work, protein banding profiles were carried out to differentiate the Aspergillus isolates, gathered from different habitat, using Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) as a molecular technique to estimate the genetic relationships between species of the genus.
Data analyses were carried using NTSYSpc version 2.02i (Rohlf, 1998) . Also, similarity index was estimated using the Dice coefficient of similarity (Nei and Li, 1979) . The average of similarity matrices was used to generate a tree by UPGMA (Un-weighted Pair-Group Method Arithmetic Average). Similarity matrix was developed by Statistical Package for the Social Sciences (SPSS) computer package system ver.16.
In the present study, eight species of Aspergillus including 20 isolates were studied. These species were isolated from five different substrates and ecosystems in both terrestrial and marine environment of Jeddah in Saudi Arabia during 2010. These are; agricultural soil, wheat grain, sewage dump, soil around car oil dump and marine fauna.
Collected samples were cultured on Czapek (CZ), Potato Dextrose Agar (PDA) and Malt Extract Agar media to isolate the fungal species from these samples. The colors of these isolates on the different media and their morphological features under the light microscope were followed to identify the different species using according to Raper and Fennell (1965) , Domsch et Al- Hazmi and Kamel 3493 al. (1988) , von Arx (1974) , Klich (2002) , Kirk et al. (2008) . The studied isolates and their sources are presented in Table 1 . Experimental fungi (Table 1) were cultivated on two types of media for determination of protein patterns; Czapek Dox ' s medium in which Na NO3 is the source of inorganic nitrogen and Waksman ' s medium in which peptone is the source of organic nitrogen. The cultures were incubated at 25°C for seven days then, the contents of each set of flasks (fungal mats) were gathered up and subjected to SDS-PAGE gel electrophoresis as described by Laemmli (1970) and modified by Studier (1973) . One gram of each fungal mat was monitored with 0.025 ml of extraction buffer (Tris-HCl pH 8.8) with gentle agitation and stored in a refrigerator for 24 h. The slurry was centrifuged at 11269 xg for 10 min and the supernatant was kept at 0°C. The gel and banding profile of the examined isolates was photographed, scanned and analyzed using Gel Doc 2000 Bio-Rad system. The molecular weight standard used in gel analysis is BioRad (protein marker) Mid-Low range (116.000 to 14.400 kDa).
The obtained data of SDS-PAGE of each isolate were pooled together and coded for creating the data matrix of computation where (0) scored for the absence of a band and (1) coded for the presence of a band in each species. The relationships between the studied species, expressed by similarity coefficient, have been demonstrated as phenogram, based on the analysis of the recorded characters using NTSYSpc version 2.02i (Rohlf, 1998) . Similarity index was estimated using the Dice coefficient of similarity (Nei and Li, 1979) . The average of similarity matrices was used to generate a tree by UPGMA. Similarity matrix was developed by SPSS computer package system ver.16.
RESULTS AND DISCUSSION
To study the influence of environmental factors on the ability of the toxigenic fungi to produce toxins on the molecular level between different isolates due to their substrate and ecosystem origin, SDS-PAGE of protein banding patterns of 20 isolates (Table 1) representing eight Aspergillus species isolated from different habitats and grown on two media (Czapek Dox's medium and Waksman's medium) were performed.
Electrophoretic protein banding patterns of Aspergillus isolates grown on Czapek Dox's medium
The electrophoretic protein patterns of Aspergillus isolates grown on Czapek Dox's medium revealed the presence of 11 different bands. The electropherograms of those isolates are illustrated in Figure 1 and the distributions of bands recorded are shown in Table 2 . In these illustrations, the highest number of bands (8 bands) recorded in seven isolates (9, 10, 11, 12, 14, 15 and 16) , while the lowest number of bands (6 bands) recorded in the isolates (1, 2, 3, 5, 6, 7 and 8) . The molecular weight of the produced bands ranged between 12.370 and 93.338 kDa.
A total of 7 polymorphic bands; 91. 35, 84.692, 32.983, 22.352, 13.84, 12.96 and 12 .37 kDa were observed within protein profiles of the studied isolate (Table 2) . No unique bands were identified of the polymorphic ones. Four monomorphic bands were detected at about 93.338, 88.350, 85.773 and 42.660 kDa (Table 7) . 
Similarity matrix among the studied isolates of Aspergillus species grown on Czapek Dox's medium based on SDS-PAGE analysis
Similarity matrix was developed by SPSS computer package system for the studied isolates of Aspergillus species grown on Czapek Dox's medium based on SDS-PAGE analysis (Table 3 ). The highest similarity value was 88.0% between Aspergillus isolates A. versicolor str. I (2) and A. japonicus (3) and the lowest similarity value was 42.0% between isolates A. versicolor str. II (6) and . tamarii (11) and A. terreus (8) and A. tamarii (11) . Increasing in the similarity value reflect the increasing in the closed phylogenetic relationship among the isolates (Klich, 2002; Samson et al., 2006; Silva et al., 2011) .
Electrophoretic protein banding patterns of Aspergillus isolates grown on Waksman's medium
Electrophoretic protein pattern of the same isolates of Aspergillus grown on Waksman's medium revealed the 
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presence of nine different bands. The electropherograms of those isolates are illustrated in Figure 2 and the distributions of bands recorded are shown in Table 3 . The highest number of bands (9 bands) were recorded in the isolates numbers (1 to 16) and not recorded in the isolates numbers (17 to 20), while the lowest number of bands (4 bands) were recorded in (A. tamari -18 and A. flavus -19). The molecular weight ranged between 88.600 and 12.500 kDa, where the highest and lowest molecular weight bands (88.6 and 12.5 kDa, respectively) were not recorded in Aspergillus isolates numbers 19 and 20.
Eight of the recorded bands were found to be a polymorphic band type within protein profiles of the studied isolate (Table 4) . No unique bands were found within the protein profiles of the studied isolates. Three monomorphic bands detected within the studied isolates that were at the molecular weights of 88.600, 81.200 and 46.400 kDa (Table 7) .
Bands having the molecular weights 30.300 and 22.500 kDa were presented in all studied isolates except samples no; 17, 18, 19 and 20. On the other hand, in the same manner, band having the molecular weight of; 39.100 kDa was recorded in all isolates except sample no; 18 (A. tamarii).
Similarity matrix among the studied isolates of Aspergillus species grown on Waksman's medium based on SDS-PAGE analysis
Similarity matrix was developed by SPSS computer package system for the studied isolates of Aspergillus species grown on Waksman's medium based on SDS-PAGE analysis is illustrated in Table 3 . The highest similarity value was 89.0% between Aspergillus isolates A. japonicus (1) and A. versicolor str. I (2) and the lowest similarity value was 55.0% between isolates A. parasiticus (7) and A. tamarii (12).
However, wide variations in the protein patterns were observed between Aspergillus isolates grown on Czapek Dox's medium and those grown on Waksman's medium. This phenomenon was formerly observed in other fungi, where the electrophoretic data obtained by Hofling et al. (2001) showed that Yeast species have had different protein patterns when using different culture media. In their opinion, some possible explanation for this event were that precursors required for the synthesis of some proteins may be present in one medium and absent in another or that some enzymes are formed in the presence of their specific substrate, yielding distinct protein profiles.
Numerical analysis of SDS-PAGE data
The obtained data of SDS-PAGE of each isolate were pooled together and coded for creating the data matrix of computation, where scored for the absence of a band (0) and (1) coded for the presence of a band in each species. The relationships between the studied isolates and species, expressed by similarity coefficient, have been demonstrated as phenogram, based on the analysis of the recorded attributes using the NTSYSpc version 2.02i as described by Rohlf (1998) . For data analysis, the total number of recorded attributes (20) in each isolate were scored, combined together in one set of data and coded for creating the data matrix of computation (Table  6 ).
The constructed phenogram based on estimated SDS-PAGE proteins of 20 isolates of fungi belonging to the genus Aspergillus grown on both media Czapek Dox's and Waksman's ( Figure 3 ) revealed a very close relationship observed between A. terreus (13) and A. parasiticus (14), both isolates clustered at 1.36 due to (Figure 4 ) in order to construct reasonable species groups; it seems worthless to discuss the results at OTU's level. This phenogram shows that the examined OTU's at a similarity coefficient level of about 1.73 are divided into three groups: I (comprises six isolates), II (comprises seven isolates) and III (comprises seven isolates). Group I included the two isolates of A. terreus (2/2) (8 and 13) from the same Aspergillus section (Terrei), while group II (at the level of 1.26 similarity coefficient) included two isolates of both A. niger (2/3) (5 and 9) and A. parasiticus (2/3) (4 and 7) revealed a very close relationship observed between isolates of both A. niger and A. parasiticus. Group III (at the level of 1.22 similarity coefficient) included the two isolates of A. carneus (2/2) (15 and 20) and also included two isolates of both A. tamarii (2/3) (11 and 18) and A. flavus (2/3) (16 and 19) from the same Aspergillus section (Flavi), revealed a very close relationship observed between isolates of those species (Varga et al., 2003; Samson et al., 2011) .
No unique bands were identified of the polymorphic ones in both media, however, the monomorphic bands detected within the studied isolates may provide a genus characteristic band to discriminate among the studied Aspergillus isolates (Jernejc and Cimerman, 2001; Sekiguchi et al., 2008) .
Regarding the results of common bands and according to the statistical analysis, no relationship was observed between protein bands obtained from most isolates throughout this study. This may be due to the different ecosystems surrounding the collected isolates. The obtained results in the current study was agreed with the recorded report by Houseny (2005) and Afifi et al. (2006) who stated that isolates differ from one another in cellular protein variety and do not follow the same electrophoretic pattern because of the difference in geographic origin and source of the same fungal species.
Although, the effect of the habitat was clearly observed on the number of protein bands as well as the molecular weights, no solid relation was noticed between the toxins produced by a certain isolate and its protein profile. Therefore the protein profile was not a sufficient tool to detect the toxin profile of a certain isolate.
